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Background: Obstructive sleep apnoea (OSA) is characterised by repeated episodes 
of pauses in breathing during sleep due to obstruction of the upper airway that 
result in transient hypoxaemia, sleep fragmentation and long-term cardiovascular 
disease. The most common risk factors for OSA include: obesity, age over 50 and 
neck circumference of more than 41 cm for females and more than 43 cm in males. 
Sleep apnoea is more common in men than in women. The aim of the conducted 
research was to evaluate relations between the anthropometric features connected 
with adipose tissue distribution and the severity of OSA.
Materials and methods: The study was carried out on 180 patients (144 males 
and 36 females) diagnosed with OSA syndrome. The standard sleep parameters 
obtained from night polysomnography as well as skin-fat fold thickness and 
neck circumference and waist-to-hip ratio were analysed. Statistical analysis was 
performed using STATISTICA 10. 
Results: It was stated that anthropometric parameters connected with the accu-
mulation of adipose tissue in upper body were significantly related to severity of 
OSA in males (p ≤ 0.05). Body mass index (BMI) was significantly correlated with 
severity of OSA in females (p ≤ 0.05).
Conclusions: In males, there is a connection between the severity of OSA, BMI and 
a higher accumulation of adipose tissue in upper part of the body measured by neck 
circumference and shoulder thickness of skin-fat folds, whereas in females only by 
BMI. (Folia Morphol 2016; 75, 3: 393–399)
Key words: obstructive sleep apnoea, apnoea-hypopnoea index, SO2nadir, 
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INTRODUCTION
Obstructive sleep apnoea (OSA) is characterised 
by repeated episodes of pauses in breathing during 
sleep due to the obstruction of the upper airway 
that result in transient hypoxaemia, sleep fragmenta-
tion and long-term cardiovascular disease (American 
Academy of Sleep Medicine). The most common risk 
factors for OSA include: obesity, age over 50 and 
neck circumference of more than 41 cm for females 
and more than 43 cm in males. Sleep apnoea is more 
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common in men than in women [20]. OSA is a chronic 
disease of a complex aetiopathogensis, associated 
with a certain set of morphological features. Beside 
an excessive mass of the tongue and the soft palate 
in relation to the size of oral cavity, an increased neck 
circumference as well as features of visceral obesity 
are observed [6]. Significant differences influenced 
by sex are also noticed. OSA in males is connected 
with visceral obesity, whereas in females, it concerns 
general adiposity [9].
Numerous studies show that there are significant 
correlations between the amount of adipose tissue 
accumulated, assessed using anthropometric meth-
ods and bioelectrical impedance analysis (BIA), and 
severity of OSA [10, 15]. The percentage of the adipose 
tissue, particularly visceral tissue, assessed with bioelectri-
cal impedance analysis method has a significant clinical 
predictive value as far as the occurrence or lack of OSA is 
concerned. However, radiological methods, such as com-
puted tomography (CT) and nuclear magnetic resonance 
(NMR), are the most useful [10]. Some researchers point 
out that there is excessive water retention in intercellular 
canals of the neck structures in OSA patients, connected 
with pulmonary hypertension [1, 15, 20]. 
Anthropometric methods of the assessment of adi-
pose tissue distribution are based on measurements of 
skin-fat folds and body circumferences in standardised 
areas [12]. Measurements of the adipose tissue are 
conducted to predict the occurrence of obesity [19].
While evaluating a patient suspected of suffering 
from OSA syndrome, the following factors are taken 
into account: body mass index (BMI), the circumfer-
ence of the neck, waist and hips as well as the thick-
ness of the skin-fat folds. The results of numerous 
clinical observations show that not only the general 
amount of adipose tissue, but also its distribution is 
strictly connected with OSA syndrome. According to 
some authors, apnoea-hypopnoea index (AHI) shows 
a stronger correlation with BMI and abdominal cir-
cumference than neck circumference, which proves 
that abdominal obesity influences severity of OSA 
[18]. However, most researchers state that an in-
creased neck circumference is, apart from BMI, the 
strongest parameter connected with OSA and with 
AHI value in particular, taking into account the fact 
that neck circumference correlates with the value 
of AHI parameter at 30% [2, 4, 5, 8, 11, 17]. It is 
thought to be connected with a significantly higher 
accumulation of adipose tissue antero-laterally of the 
airways, notwithstanding general adiposity expressed 
with the BMI value [14]. 
In the case of measurements of the thickness of 
skin-fat folds, it was observed that patients diagnosed 
with OSA, in comparison with the respective group of 
the same BMI but not suffering from OSA, have thicker 
skin-fat folds (Ip), and the SO2nadir parameter significantly 
correlates with the thickness of the skin-fat fold meas-
ured below the triceps, brachii muscle and below the 
scapula as well as with the sum of skin-fat folds in both 
sexes and the neck fold in females. Moreover, males of 
similar BMI and waist circumference have significantly 
thicker scapula fold, waist to hip ratio (WHR) and neck 
circumference than females as well as more severe OSA 
measured using AHI parameter [3, 13, 16]. However, 
not all research showed significant correlation between 
the thickness of skin-fat folds and OSA occurrence [18]. 
The aim of the research was to evaluate a relation 
between anthropometric features connected with 
distribution of the adipose tissue and severity of OSA. 
MATERIALS AND METHODS
The analysis was conducted on 180 patients 
(144 males and 36 females) diagnosed with OSA syn-
drome. OSA was diagnosed during 1-day diagnostic 
hospitalisation. All-night polysomnography (PSG) was 
performed. The study was conducted in Department 
of Otolaryngology, Central Clinical Hospital of Warsaw 
Medical University, Warsaw, Poland. 
The study was approved by the bioethics commit-
tee of the Warsaw Medical University No 258/2013.
The following parameters were analysed: BMI 
(body weight/height2 in kg/m2); waist circumference, 
WHR; AHI (in occurrences/h) — number of apnoea 
episodes/h of sleep; minimum blood oxygenation 
during the whole night (SO2nadir in %); arousal — 
change in electroencephalography record during the 
sleep; biceps — the measurement was conducted 
in the half-length of the upper arm above the bi-
ceps; triceps — the measurement was carried out in 
the half-length of the upper arm above the triceps; 
scapula — the measurement was done above the 
lower angle of the scapula; hip — the measurement 
was conducted above the ilium along the midaxillary 
line; E-sum of skin-fat folds; neck — at the height of 
the hyoid bone; waist — at the height of the navel; 
hips — at the height of the hip joints. 
The aim of the research was to evaluate the con-
nection between physiological parameters reflecting 
sleep quality and selected anthropometric parameters 
which characterise the type of adipose tissue distri-
bution. It is known that patients suffering from OSA 
are usually obese, however, BMI value itself does not 
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reflect the character of obesity. Meanwhile, it is pos-
tulated that OSA patients, especially men, have char-
acteristic abdominal obesity, attributing an important 
role to visceral adipose tissue in OSA pathogenesis.
Standardised attended 14-channel overnight 
laboratory PSG was performed using oronasal ther-
mocouple (Grass, USA). Sleep stages were manually 
scored in 30-s epochs using standard AASM 2005 
criteria. The AHI was computed and manually revised. 
PSG sleep time was obtained by summing the time 
spent in epochs scored as any stage of sleep during 
the period from “lights off” (approximately 22:00) to 
“lights on” (approximately 07:00). 
Statistical analysis
Severity of OSA was classified on the basis of AHI, 
SO2nadir and arousal index. STATISTICA 10 was used 
to conduct statistical analysis. After calculating the 
descriptive statistics, significance of the discovered 
differences between mean values in groups distin-
guished according to sex, BMI and AHI (p ≤ 0.05) was 
tested. Significance of differences between pairs of 
variables was measured using Student’s t-test and 
Mann-Whitney U test. Significance of group differ-
ences was measured applying the method of multiple 
analysis of variance ANOVA (p ≤ 0.05), the post hoc 
analysis was based on: Fisher’s exact test (least signifi-
cant differences), Scheff’s test and Newman-Keulus’s 
test. Significance of correlation between variables was 
measured with Spearman’s rank correlation test and 
Pearson’s linear correlation. A detailed analysis of cor-
relations between selected parameters was carried out 
applying the method of stepwise regression, discarding 
outliers from the analysis those observations that were 
completely different from mean values according to 
the results of Grubbs test and Dixon’s Q test. 
RESULTS
Table 1 presents the results of mean values (with 
standard variations) for the studies parameters taking 
into account sex of the patients.
It was stated that subgroups of males and females 
differed significantly as far as AHI, the thickness of skin-
fat fold above the biceps and triceps, the circumferences 
of the neck, waist and the relation of waist circumfer-
ence to hips, height and body weight were concerned. 
While the last two parameters were significantly con-
nected with human sexual dimorphism, the other ones 
determined higher accumulation of adipose tissue in 
upper part of the body (from the neck to the waist) in 
males in comparison with females (Table 1). 
It was also stated that, taking into account corre-
lations higher than 0.05, statistically significant ones 
were correlations between the thickness of particular 
skin-fat folds with one another as well as with the 
circumference of the waist and hips. Although the 
Table 1. Values of anthropometric measurements (x ± standard deviation) taking into account sex of the studied patients as well as 
the results of the analysis of differences between mean values
Parameter Females Males Total P (t-Student) P (Mann-Whitney)
Age [years] 50.35 ± 12.67 49.80 ± 12.25 52.40 ± 14.06 0.1363 0.0920
AHI [occurrences/h] 33.61 ± 26.59 34.88 ± 26.26 28.46 ± 27.50 0.1029 0.0351
SO2nadir [%] 80.71 ± 12.12 80.92 ± 10.53 79.88 ± 17.30 0.6673 0.3538
Arousal 27.10 ± 21.43 25.92 ± 18.11 32.35 ± 32.12 0.2005 0.6207
Biceps [cm] 15.46 ± 7.16 14.51 ± 6.76 19.28 ± 7.54 0.0003 0.0002
Triceps [cm] 23.11 ± 9.47 21.51 ± 9.35 29.53 ± 6.93 0.0000 0.0000
Scapula [cm] 39.38 ± 13.65 39.38 ± 13.69 39.42 ± 13.70 0.9870 0.9800
Hip [cm] 38.24 ± 12.55 38.29 ± 13.17 38.06 ± 9.86 0.9052 0.8285
Sum of skin-fat folds [mm] 116.20 ± 36.71 113.68 ± 37.14 126.28 ± 33.53 0.0654 0.0355
Neck [cm] 41.23 ± 3.86 42.44 ± 3.07 36.49 ± 3.01 0.0000 0.0000
Waist [cm] 104.03 ± 14.08 105.94 ± 12.90 96.62 ± 16.05 0.0003 0.0001
Hips [cm] 109.77 ± 11.15 109.52 ± 10.09 110.73 ± 14.69 0.6398 0.7007
Height [m] 1.75 ± 0.09 1.78 ± 0.07 1.64 ± 0.07 0.0000 0.0000
Body mass [kg] 93.32 ± 18.74 97.07 ± 17.13 79.14 ±17.90 0.0000 0.0000
BMI [kg/m2] 30.44 ± 5.44 30.68 ± 5.07 29.54 ± 6.61 0.2386 0.0276
WHR 0.95 ± 0.07 0.97 ± 0.06 0.87 ± 0.06 0.0000 0.0000
*Correlation coefficient was statistically significant at p ≤ 0.05. AHI — apnoea-hypopnoea index; BMI — body mass index; WHR — waist to hip ratio
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correlations between the thickness of particular skin-
fat folds and the sum of the folds and the circumfer-
ence of the neck were significant, they were lower 
than 0.4, which suggested a weak correlation. The 
strongest correlation between parameters character-
izing adipose tissue distribution, body weight and 
BMI was reflected in the circumference of the waist 
and hips as well as their mutual correlation. The 
thickness of particular skin-fat folds, however, had 
little influence on weight and BMI. AHI, the most 
important parameter characterizing severity of OSA, 
correlated most significantly with the circumference 
of the neck, waist and hips (Table 2).
Data included in Table 1 present the results for 
population in general, due to the domination of 
male material. 
In Table 3 in the subgroup of males, significant 
positive correlations were observed between the 
Table 2. Values of coefficients of correlation measured with Spearman’s rank correlation of the material in total 
Age AHI SO2nadir Arousal Biceps Triceps Scapula Hip Sum of 
skin-fat 
folds
Neck Waist Hips BMI WHR
Age 1.00 0.13 –0.22* 0.17* –0.05 –0.09 –0.16* –0.26* –0.17* 0.00 –0.01 –0.07 0.03 0.08
AHI 0.13 1.00 –0.70* 0.46* 0.32* 0.22 0.37* 0.34* 0.38* 0.45* 0.48* 0.47* 0.38* 0.27*
SO2nadir –0.22* –0.70* 1.00 –0.34* –0.38* –0.28 –0.36 –0.29* –0.37* –0.28* –0.43* –0.42* –0.45* –0.24*
Arousal 0.17* 0.46* –0.34* 1.00 0.19* 0.18 0.14 0.12 0.17 0.25* 0.24* 0.17 0.17* 0.23*
Biceps –0.05 0.32* –0.38* 0.19* 1.00 0.72 0.67* 0.59* 0.84* 0.25* 0.56* 0.58* 0.57* 0.21*
Triceps –0.09 0.22* –0.28* 0.18 0.72* 1.00 0.54* 0.51* 0.77* 0.08 0.37* 0.43* 0.36* 0.05
Scapula –0.16* 0.37* –0.36* 0.14 0.67* 0.54 1.00 0.68* 0.88* 0.47* 0.67* 0.61* 0.59* 0.37*
Hip –0.26* 0.34* –0.29* 0.12 0.59* 0.51 0.68* 1.00 0.85* 0.38* 0.57* 0.61* 0.58* 0.23*
Sum of skin-
fat folds
–0.17* 0.38* –0.37* 0.17 0.84* 0.77 0.88* 0.85* 1.00 0.38* 0.65* 0.66* 0.62* 0.28*
Neck 0.00 0.45* –0.28* 0.25* 0.25* 0.08 0.47* 0.38* 0.38* 1.00 0.77* 0.60* 0.65* 0.65*
Waist –0.01 0.48* –0.43* 0.24* 0.56* 0.37 0.67* 0.57* 0.65* 0.77* 1.00 0.82* 0.84* 0.70*
Hips –0.07 0.47* –0.42* 0.17* 0.58* 0.43 0.61* 0.61* 0.66* 0.60* 0.82* 1.00 0.80* 0.24*
BMI 0.03 0.38* –0.45* 0.17* 0.57* 0.36 0.59* 0.58* 0.62* 0.65* 0.84* 0.80* 1.00 0.48*
WHR 0.08 0.27* –0.24* 0.23* 0.21* 0.05 0.37* 0.23* 0.28* 0.65* 0.70* 0.24* 0.48* 1.00
*Correlation coefficient was statistically significant at p ≤ 0.05. Age in years, apnoea-hypopnoea index (AHI) in occurrences/h, SO2nadir in %, thickness of skin-fat folds in mm, height 
in cm, weight in kg, body mass index (BMI) in kg/m2, body circumferences in cm; WHR — waist to hip ratio
Table 3. Values of coefficients of correlation measured with Spearman’s rank correlation of the material in males
 Age AHI SO2nadir Arousal Biceps Triceps Scapula Hip Sum of 
skin-fat 
folds
Neck Waist Hips BMI WHR
Age 1.00 0.06 –0.12 0.14 –0.12 –0.14 –0.16 –0.28* –0.21* 0.05 0.02 –0.12 0.03 0.14
AHI 0.06 1.00 –0.67* 0.46* 0.38* 0.24* 0.40* 0.36* 0.40* 0.48* 0.48* 0.52* 0.37* 0.23*
SO2nadir –0.12 –0.67* 1.00 –0.29* –0.34* –0.23* –0.38* –0.29* –0.35* –0.35* –0.44* –0.41* –0.43* –0.30*
Arousal 0.14* 0.46* –0.29* 1.00 0.20 0.21* 0.17 0.16 0.20 0.28* 0.29* 0.23* 0.21* 0.22*
Biceps –0.12 0.38* –0.34* 0.20 1.00 0.68* 0.71* 0.62* 0.84* 0.51* 0.67* 0.62* 0.62* 0.42*
Triceps –0.14 0.24* –0.23* 0.21* 0.68* 1.00 0.56* 0.53* 0.76* 0.33* 0.47* 0.44* 0.41* 0.25*
Scapula –0.16 0.40* –0.38* 0.17 0.71* 0.56* 1.00 0.66* 0.88* 0.56* 0.68* 0.61* 0.61* 0.44*
Hip –0.28* 0.36* –0.29* 0.16 0.62* 0.53* 0.66* 1.00 0.86* 0.49* 0.58* 0.60* 0.60* 0.29*
Sum of skin-
fat folds 
–0.21* 0.40* –0.35* 0.20 0.84* 0.76* 0.88* 0.86* 1.00 0.57* 0.71* 0.67* 0.66* 0.41*
Neck 0.05 0.48* –0.35* 0.28* 0.51* 0.33* 0.56* 0.49* 0.57* 1.00 0.82* 0.75* 0.77* 0.52*
Waist 0.02 0.48* –0.44* 0.29* 0.67* 0.47* 0.68* 0.58* 0.71* 0.82* 1.00 0.82* 0.84* 0.74*
Hips –0.12 0.52* –0.41* 0.23* 0.62* 0.44* 0.61* 0.60* 0.67* 0.75* 0.82* 1.00 0.78* 0.27*
BMI 0.03 0.37* –0.43* 0.21* 0.62* 0.41* 0.61* 0.60* 0.66* 0.77* 0.84* 0.78* 1.00 0.53*
WHR 0.14 0.23* –0.30* 0.22* 0.42* 0.25* 0.44* 0.29* 0.41* 0.52* 0.74* 0.27* 0.53* 1.00
*Correlation coefficient was statistically significant at p ≤ 0.05. Age in years, apnoea-hypopnoea index (AHI) in occurrences/h, SO2nadir in %, thickness of skin-fat folds in mm, height 
in cm, weight in kg, body mass index (BMI) in kg/m2, body circumferences in cm; WHR — waist to hip ratio
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thickness of particular skin-fat folds, the sum of the 
folds, the circumference of the neck, waist and hips, 
BMI and the relation of the circumference of the 
waist and the circumference of the hips. The values 
of correlation coefficients ranged from 0.24 to 0.52. 
Table 4, presenting the results for the subgroup of 
females, showed that similarly to males, there were sig-
nificant correlations between parameters characterizing 
adipose tissue distribution. However, only body weight 
and BMI correlated significantly with AHI.
In females, AHI parameter significantly correlated 
with body weight and BMI; however, contrary to 
males, no statistically significant relations with mor-
phometric parameters characterizing adipose tissue 
distribution were observed. Worth emphasizing is 
the fact that AHI quite strongly (0.44) correlated with 
age in females. It confirmed observations conducted 
by other researchers who stated that OSA was more 
severe in menopause females. 
The analysis of significance of differences between 
mean values showed that OSA was more severe in 
males (higher AHI), the thickness of skin-muscle folds 
above the biceps and triceps as well as the sum of 
folds higher, and so were circumferences of the neck, 
waist and WHR. The value of BMI in Student’s t-test 
was insignificant, however, it achieved the level of 
significance in Mann-Whitney U test. The parameters 
were also significantly correlated with the parameters 
determining sleep quality: positively with AHI and 
negatively with SO2nadir and arousal index (Tables 2–4).
The analysis conducted with the application of 
stepwise regression method showed that AHI vari-
able significantly correlated with a few variables, 
allowing making an appropriate model for almost 
all observations. The exogenous variables in the 
created regression model were: SO2nadir (b = –0.37, 
p < 0.0000), arousal (b = 0.16, p = 0.012), BMI 
(b = 0.2, p = 0.003). In males, it was SO2nadir (b = 0.37, 
p < 0.0000) and the neck circumference (b = 0.41, 
p < 0.0000) that had the strongest correlation 
with AHI. Whereas in females, the strongest ex-
ogenous variable in the regression model was not 
only SO2nadir (b = –0.42, p = 0.005), but also BMI 
(b = 0.33, p = 0.025). 
DISCUSSION
The conducted research confirmed the presence 
of significant differences influenced by sex and the 
existence of significant correlations between the 
studied parameters and the level of severity of sleep 
disorders, both in correlation and sleep regression 
analysis. Strong negative correlation between AHI and 
SO2nadir is clear because the higher the index of breath 
occurrences was, the longer apnoea was. Similarly, 
strong but positive correlation concerned arousal 
index, which resulted from a higher number of sleep 
hypopnoea at higher breath occurrences (Table 3). 
It should be emphasised that due to the fact that 
the majority of the research material was derived 
from males, the values of Spearman’s rank correlation 
Table 4. Values of coefficients of correlation measured with Spearman’s rank correlation of the material in females
Age AHI SO2nadir Arousal Biceps Triceps Scapula Hip Sum of 
skin-fat 
folds
Neck Waist Hips BMI WHR
Age 1.00 0.44* –0.61* 0.22 0.06 –0.21 –0.14 –0.12 –0.10 0.13 0.05 0.12 0.16 –0.06
AHI 0.44* 1.00 –0.80* 0.48* 0.12 0.09 0.18 0.25 0.20 0.42* 0.39* 0.23 0.39* 0.42*
SO2nadir –0.61* –0.80* 1.00 –0.47* –0.42 –0.40 –0.22 –0.25 –0.36* –0.74* –0.65* –0.49* –0.57* –0.42*
Arousal 0.22 0.48* –0.47* 1.00 –0.11 –0.05 –0.11 –0.26 –0.17 0.21 –0.03 –0.28 0.05 0.42*
Biceps 0.06 0.12 –0.42 –0.11 1.00 0.77* 0.69* 0.61* 0.84* 0.72* 0.71* 0.68* 0.69* 0.36*
Triceps –0.21 0.09 –0.40 –0.05 0.77* 1.00 0.61* 0.59* 0.81* 0.69* 0.66* 0.56* 0.53* 0.50*
Scapula –0.14 0.18 –0.22 –0.11 0.69* 0.61* 1.00 0.78* 0.91* 0.58* 0.65* 0.57* 0.57* 0.36*
Hip –0.12 0.25 –0.25 –0.26 0.61* 0.59* 0.78* 1.00 0.88* 0.58* 0.70* 0.73* 0.63* 0.23
Sum of skin-
fat folds
–0.10 0.20 –0.36 –0.17 0.84* 0.81* 0.91* 0.88* 1.00 0.72* 0.76* 0.70* 0.66* 0.40*
Neck 0.13 0.42* –0.74* 0.21 0.72* 0.69* 0.58* 0.58* 0.72* 1.00 0.89* 0.72* 0.75* 0.66*
Waist 0.05 0.39* –0.65* –0.03 0.71* 0.66* 0.65* 0.70* 0.76* 0.89* 1.00 0.90* 0.91* 0.61*
Hips 0.12 0.23 –0.49* –0.28 0.68* 0.56* 0.57* 0.73* 0.70* 0.72* 0.90* 1.00 0.88* 0.26
BMI 0.16 0.39* –0.57* 0.05 0.69* 0.53* 0.57* 0.63* 0.66* 0.75* 0.91* 0.88* 1.00 0.44*
WHR –0.06 0.42* –0.42 0.42 0.36* 0.50* 0.36* 0.23 0.40* 0.66* 0.61* 0.26 0.44* 1.00
*Correlation coefficient was statistically significant at p ≤ 0.05. Age in years, apnoea-hypopnoea index (AHI) in occurrences/h, SO2nadir in %, thickness of skin-fat folds in mm, height in cm, 
weight in kg, body mass index (BMI) in kg/m2, body circumferences in cm; WHR — waist to hip ratio
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coefficient presented in Table 3 were similar to the 
values calculated for the whole population included 
in Table 2. 
Males showed significantly higher waist cir-
cumference, the indicator of visceral obesity. Waist 
circumference also influenced the value of WHR 
that was also significantly higher in males than in 
females, despite the lack of significant difference 
in hip circumference. It should be emphasised that 
significantly higher neck and waist circumference 
in males did not correlate with the level of general 
adiposity, i.e. BMI, which did not show statistically 
significant differences influenced by sex. It can be 
suggested that waist circumference, as a predictor 
of visceral obesity, reflected in more severe OSA 
in males whose AHI was significantly higher than 
in females (Mann-Whitney U test). The conclusion 
was slightly weakened by the lack of significant 
differences between SO2nadir and the arousal index 
between males and females. 
Neck circumference and BMI are the most signifi-
cant determinants of AHI [7, 8]. It was confirmed by 
the results of our research with reference to the whole 
material. However, neck circumference appeared to 
be significantly correlated with AHI only in males, 
both in the correlation and regression model. It con-
firmed the observations of other researchers, accord-
ing to whom neck circumference was the strongest 
predictor of OSA [2, 4, 5, 8, 11, 14, 17]. However, 
lack of significant correlation of the parameter with 
AHI in females raised doubts. 
The conducted research showed that AHI was 
significantly correlated with the circumference of 
the neck in males, whereas in females it correlated 
only with body weight and BMI. However, in females, 
the correlation was weaker than in males, which 
suggested different reasons for the mechanism of 
OSA occurrence in both sexes. The observation was 
not mentioned by other researchers dealing with 
this problem. Thus, it is justified to conduct further 
research to get to know mechanisms of OSA occur-
rence in humans. 
The correlation between AHI and BMI, although 
weak (r = 0.38), was significant and the value of cor-
relation coefficient achieved in the research turned 
out to be significant, as in the study of Patel et al. [17]. 
Similarly, neck circumference correlated stronger 
with AHI than BMI. A lot of authors mentioned the 
importance of neck circumference as the parameter 
more strongly correlated with AHI than with BMI. Ac-
cording to them, neck circumference was responsible for 
approximately 30% of the range of AHI variability [2, 4, 
5, 8]. However, there was no data concerning the sex. 
It should be noticed that mean values of BMI, 
both in males and females, classified the majority of 
patients in an overweight group (females) or mild 
obesity (males). It confirmed the observations that 
only a small group of patients diagnosed with OSA 
suffered from serious adiposity: approximately half of 
the patients had BMI lower than 30, thus the patients 
were not obese [14]. In the analysed material, the 
mean value of BMI for the upper quartile in female 
group amounted to 32.6, and in the male group — 
32.98, it was 32.93 for the whole material. Most 
authors emphasised the influence of neck circumfer-
ence on the occurrence and severity of OSA [21, 22]. 
Other researchers also underlined that OSA patients 
differed significantly from healthy volunteers only as 
far as neck circumference was concerned grouped ac-
cording to BMI, however, they did not differ in waist 
circumference [7].
According to the majority of clinical observations, 
neck circumference, the sum of skin — fat folds, body 
weight and BMI were the best predictors of OSA [2, 5, 
8, 7]. The conducted research showed that correlation 
between AHI and parameters characterizing adipose 
tissue distribution, especially the value of neck circum-
ference, concerned only males. It may prove that in 
males the location of adipose tissue not only in the 
abdominal area but also in upper part of the body 
may be significantly correlated with OSA, whereas in 
females, the total weight of adipose tissue influence 
the occurrence and severity of the syndrome. 
CONCLUSIONS
Anthropometric parameters connected with ac-
cumulation of adipose tissue in the upper part of 
the body were significantly correlated with severity 
of OSA syndrome in males. BMI was significantly cor-
related with severity of OSA in females. 
Acknowledgements
The research was carried out in the Department 
of Otolaryngology, Medical Faculty, Warsaw Medical 
University, Poland.
REFERENCES
1. Chiu KL, Ryan CM, Shiota S, Ruttanaumpawan P, Arzt M, 
Haight JS, Chan CT, Floras JS, Bradley TD (2006) Fluid shift by 
lower body positive pressure increases pharyngeal resistance in 
healthy subjects. Am J Respir Crit Care Med, 174: 1378–1383.
399
J. Wysocki et al., Adipose tissue distribution in relation to sleep apnoea severity
2. Davies RJO, Stradling JR (1990) The relationship between 
neck circumference, radiographic pharangeal anatomy, and 
the obstructive sleep apnea syndrome. Eur Respir J, 3: 509–514.
3. Davies RJ, Ali NJ, Stradling JR (1992) Neck circumference 
and other clinical features in the diagnosis of obstructive 
sleep apnea syndrome. Thorax, 47: 101–105. 
4. Flemons WW, Whitelaw WA, Brant R, Remmers JE (1994) 
Likelihood ratios for a sleep apnea clinical prediction rule. 
Am J Respir Crit Care Med, 150: 1279–1285.
5. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC, 
Spertus JA, Costa F (2005) Diagnosis and management of 
the metabolic syndrome. An American Heart Association/
National Heart, Lung, and Blood Institute Scientific State-
ment. Circulation, 112: 2735–2752.
6. Hoffstein V Mateika S (1992) Differences in abdominal 
and neck circumferences in patients with and without 
obstructive sleep apnea. Eur Respir J, 5: 377–338.
7. Katz J, Stradling J, Sljutsky AS, Zamel N, Hoffstein V (1990) 
Do patients with obstructive sleep apnea have thick necks? 
Am Rev Respir Dis, 5: 1228–1231.
8. Kritikou I, Basta M, Tappouni R, Pejovic S, Fernandez-Mendoza J, 
Nazir R, Shaffer ML, Liao D, Bixler EO, Chrousos GP Vgontzas 
AN (2013) Sleep apnea and visceral adiposity in middle-aged 
male and female subjects. Eur Respir J, 41: 601–609. 
9. Lee JJ, Ramirez SG, Will MJ (1997) Gender and racial vari-
ations in cephalometric analysis. Otolaryngol Head Neck 
Surg, 117: 326–329.
10. Liistro G, Rombaux Ph, Belge C, Dury M, Aubert G, Ro-
denstein DO (2003) High Mallampati score and nasal 
obstruction are associated risk factors for obstructive sleep 
apnea. Eur Respir J, 21: 248–252.
11. Marfell JM (2001) International Standards for Anthro-
pometric Assessment. The International Society for the 
Advancement of Kinanthropometry. First printed in 2001.
12. Millman RP, Carlisle CC, Mc Garvey ST, Eveloff SE Levinson PD 
(1995) Body fat distribution and sleep apnea severity in 
women. Chest, 107: 362–366.
13. Mortimore IL, Marshall I. Wraith PK (1998) Neck and total 
body fat deposition in non-obese and obese patients with 
sleep apnea compared with that in control subjects. Am 
J Respir Crit Care Med, 57: 280–283.
14. Oğretmenoğlu O, Süslü AE, Yücel OT, Onerci TM, Sahin 
A (2005) Body fat composition: a predictive factor for 
obstructive sleep apnea. Laryngoscope, 115: 1493–1498. 
15. O’Hearn DJ, Gold AR, Gold MS, Diggs P, Scharf SM (2009) 
Lower extremity edema and pulmonary hypertension in 
morbidly obese patients with obstructive sleep apnea. 
Sleep Breath, 13: 25–34. 
16. Onat A, Hergenç G, Yüksel H, Can G, Ayhan E, Kaya Z, 
Dursunoğlu D (2009) Neck circumference as a measure of 
central obesity: Associations with metabolic syndrome and 
obstructive sleep apnea syndrome beyond waist circumfer-
ence. Clin Nutrition, 28: 146–151. 
17. Patel SR, Palmer LJ, Larkin EK, Jenny NS, White DP, Redline S 
(2004) Relationship between obstructive sleep apnea and 
diurnal leptin rhythms. Sleep, 27: 235–239.
18. Pintèr Z, Molnàr A, Szàsz A, Kiss G, Orbàn K, Varga C, 
Làszlò F, Molnàr E, Pàlfi G (2013) Reliability of anthro-
pometric parameters in the prediction of the visceral fat 
area among adult women. Anthrop Anz, 70: 147–164.
19. Phillipson EA (1988) Sleep disorders. In: Murray JF, Nadel JA 
eds. Textbook of respiratory medicine. WB Saunders, 
Philadelphia, PA 1841–1860. 
20. Redolfi S, Yumino D, Ruttanaumpawan P, Yau B, Su MC, 
Lam J, Bradley TD (2009) Relationship between overnight 
rostral fluid shift and obstructive sleep apnea in nonobese 
men. Am J Respir Crit Care Med, 179: 241–246. 
21. Schellenberg JB, Maislin G, Schwab RJ (2000) Physical 
findings and the risk for obstructive sleep apnea: the 
importance of oropharyngeal structures. Am J Respir Crit 
Care Med, 162: 740–748.
22. Yagi H, Nakata S, Tsuge H, Yasuma F, Noda A, Morinaga M, 
Tagaya M, Nakashima, T (2009) Morphological examina-
tion of upper airway in obstructive sleep apnea. Auris 
Nasus Larynx, 36: 444–449.
